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In this investigation changes in inferred protein synthetic 
activity and its association with hyaluronic acid changes in chick brain 
development from 4 day-old embryos to 8 day-old embryos were studied in 
three parts: cerebrospinal fluid, brain cells and homogenized brain 
35 
tissue. With the use of S-Methionine, it is apparent that during 
chick brain development the increase and changes associated with protein 
synthesis activity closely resembles the changes in all three components 
of the brain studied. The activity of hyaluronic acid was adequately 
14 3 
assessed using C-Glucosamine and H-Glucosamine. The hyaluronic acid 
appeared strongly bound to the protein, and it appears that day 6 and 7 
are critical periods in which protein synthesis and hyaluronic acid 
synthesis are either retarded or accelerated. Moreover, it is suggested 
that the changes noted in hyaluronic acid synthesis may be affected by 
ii i 
IV 
changes in cell type, size, number, specific enzymes or waves of 
neuronal migration and differentiation during embryonic brain 
development. 
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CHAPTER I 
INTRODUCTION 
The chick brain has frequently been used in studying ontogeny 
of the central nervous system (CNS). A substantial amount of information 
exists concerning the anatomical, histological, morphological, 
physiological, and functional aspects of chick brain development 
(Davson, 1967; Milhorat, 1972; Pearson, 1972). Recent biochemical 
studies of chick brain development and maturation have focused on the 
developmental patterns of enzyme activities involved in the metabolism 
of carbohydrates, amino acids, lipids, lipid and glycoprotein 
compositions. 
Age related changes in brain protein synthesis have been frequently 
studied in mammalian systems, usually common laboratory rodents such 
as rats and mice, but almost all mammalian brain research has focused 
on changes in macromolecule or protein synthetic activity after birth 
(Dunlop, et al, 1975; Gilbert, et al, 1 972). As a result, changes in 
protein synthetic activity during embryonic development, a very 
critical period in the CNS development, have seldom been studied. 
According to Brunngraber (1970), one gram of cerebral tissue 
contains 1.2 mg of protein-bound carbohydrates and approximately 100 
mg of protein. Brunngraber (1969) earlier suggested that 5 to 12 
percent of all cerebral proteins are glycoproteins, since most of the 
well-known glycoproteins extracted from various tissues contain 
between 15 percent to 30 percent carbohydrates. 
1 
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The carbohydrate portion of these molecules is made up of a group 
of monosaccharides which includes the neutral sugars D-Galactose, 
D-Mannose, D-Glucose, and L-Fucose; the amino sugar D-Galactosamine, 
usually present in the N-acetyl form; and the amino sugar acids, the 
sialic acids. 
In this investigation we have sought an alternative system (Chick) 
to study brain glycoprotein synthesis in embryonic stages of development. 
This system was chosen not only because of previous investigations in 
this lab (Browne, 1970a; Houston, 1976), but because the chick system has 
at least two major advantages: (1) ease in obtaining large quantities 
of embryos at any desired developmental stage; and (2) minimum maternal 
influence upon the embryonic or young animal. 
An increasing number of investigations have been concerned recently 
with the metabolism of acid mucopolysaccharides in brain development. 
Most of the acid mucopolysaccharides found in the connective tissues of 
animals are complexed with protein or peptide residues, thus forming a 
glycoprotein or glycopeptide. 
Recent work by Polansky, et al (1974) has indicated that 
hyaluronate (hyaluronic acid) production and its enzymatic removal may 
be involved in the temporal control of cell migration and cell differen¬ 
tiation in a variety of embryonic and regenerating tissues. According to 
Polansky, the possibility exists that hyaluronate turnover may be linked 
to the numerous waves of neural migration and differentiation during 
embryonic brain development. Other investigations have also shown that 
mucopolysaccharides, including hyaluronic acid, are present in brain 
tissue of several species (Young and Abood, 1960; Margolis, 1967; and 
3 
Singh, et al, 1969), and are major components of the extracellular 
microenvironment of brain cells (Schmitt and Samson, 1969). 
Levels of hyaluronic acid are known to vary considerably during 
development (Young and Custod, 1972 and Singh and Bachhawat, 1968), and 
Margolis, et al, 1972, recently reported the presence of a hyaluronidase 
in the brain of newborn and adult rats and cows. 
Previous studies involving the monitoring of fluid changes in the 
mid-brain of the chick embryo have shown that osmotic pressure in these 
fluids fluctuate and has some relationship to sequential morphogenesis 
(Browne, 1970a; Browne, 1970b; Browne and Grabowski, 1981). These 
measured changes are paralleled by inversely proportional changes in 
viscosity (Browne and Houston, 1975; Houston, 1976; Houston and Browne, 
1981). From these studies it is apparent that the cells of the embryonic 
brain of the chick play some influential role in regulating these changes. 
In this study, we propose to investigate the role of embryonic 
cells in determining the milieu in which they interact and differentiate. 
In regards to regulatory changes, we believe that the cells of the 
developing brain of the chick embryo play an important role in the 
concentration changes in fluid and electrolytes during embryogenesis. 
The regulatory activities appear to involve the cell surfaces as sites 
of cellular secretion. 
Cerebrospinal fluid, cells and brain tissue of the chick embryo, 
from in vivo harvesting will be assayed to determine if variation occurs 
in cellular secretion during periods day 4 through day 8 of development. 
35 By utilizing radioactive precursors such as S-Methionine, 
4 
14 3 C-Glucosamine, H-Glucosamine and in vivo cell samples of brain 
cells, brain tissue, and cerebrospinal fluid of the chick embryo, we 
propose to obtain data that will (1) provide biochemical evidence of 
changes in macromolecules preceeding and occurring concomitantly with 
differentiation and morphogenesis in the brain of developing chick 
embryos; (2) and to show that the cells of the mid-brain of the chick 
play an active role in negotiating physiological changes in osmotic 
pressure and viscosity via selective secretion of macromolecules. 
CHAPTER II 
REVIEW OF LITERATURE 
It is a postulated premise that tissues after explanation in 
vitro, while undergoing marked morphological changes, mimic the 
functional activities of the tissue from which the explant was derived. 
The general notion of the origin of cerebrospinal fluid is that it is 
a product of ependymal cells (Weed, 1922). Although in the adult it 
seems to be produced mainly by cells of ependymal origin which 
differentiate to form the choroid plexus. In the embryo probably the 
whole ependyma is involved in fluid excretion. According to Weed, even 
in the adult, "the ependymal cells lining the cerebral ventricles and 
the central canal of the spinal cord may also contribute a minimal 
addition to the intra-ventricular cerebrospinal fluid." 
Weiss (1934), suggested that the secretory and liquefying activity 
that was observed on the ependymal fragments in their experiments were 
the continuation, in vitro, of the production of cerebrospinal fluid by 
those cells which had been concerned with its production in the embryo. 
Compared with advances in other fields, data on the origin of 
cerebrospinal fluid has accumulated rather slowly, and a proper under¬ 
standing of the observed facts about this mysterious fluid has progressed 
even more slowly. Only recently has it been possible to explain some 
of the information provided by the early workers in this field. 
Because the choroid plexuses have been suspected as the source of 
the cerebrospinal fluid, histologists from early times have attempted to 
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find morphological features in the epithelial cells that would permit 
their characterization as "secretory", e.g., the appearance of "secretory 
granules" in the cytoplasm, the appearance of vacuoles in the response 
to drugs and so on. 
In contrast to the earlier postulations, that those cells of 
ependymal origin differentiate to form the choroid plexus, Davson (1967), 
suggests that the roofs of the third and fourth ventricles and the walls 
of the lateral ventricles, consist of only two membranes, the ependyma 
and the pia, and it is the out-pouching of the pia, together with its 
highly developed vascularization, that forms the choroid plexus, which 
is thus lined by ependyma or, as it is called, the choroidal epithelium. 
On cross section, therefore, the plexus appears as a fold of epithelium 
being essentially modified ependyma, and the core, modified pia. The 
modification in the ependyma consists of the loss of the terminal 
processes, and the transformation of the cells, so that they are high 
and cylindrical, standing out in marked contrast to the low cubodial 
cells of the ependyma proper. 
Cilia are a common feature of the ependymal cells lining the 
ventricles and spinal canal and it seems likely that they contribute 
to the flow of cerebrospinal fluid (Bradbury and Lathem, 1965; Cathcart 
and Worthington, 1964). 
If indeed the cells of the ependyma are responsible for 
cerebrospinal fluid production, the question arises as to what macro¬ 
molecules are being "secreted", if any, in the cerebrospinal fluid pool, 
and why are cells found freely in this fluid? In systems such as the 
cornea, vertebral column, neural crest and amphibian limb regeneration, 
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the subsequent cessation of migration and onset of differentiation are 
associated with a dramatic decrease in extracellular hyaluronic acid 
(hyaluronate) concentration (Underhill and Toole, 1979). Consequently, 
Underhill and Toole have proposed that hyaluronic acid acts to weaken 
cell-to-cell adhesion and thereby facilitate migration of cells. 
According to Meyer (1947), hyaluronic acid functions in the 
capacity of binding water in interstitial spaces and hold cells together 
in a jelly-like matrix. It is therefore considered one of the 
constituents of the ground substance which is the "cement" for holding 
cells together. In connective tissue and most body fluids, hyaluronic 
acid occurs in association with proteins and often with other mucopoly¬ 
saccharides. 
The term mucopolysaccharide was introduced by Meyer (1938), to 
describe "hexosamine-containing polysaccharides of animal origin 
occurring either in a pure state or as protein salts." The prefix "muco" 
was chosen to denote the relationship of this type of substance with 
mucus, the physiological term of a viscous secretion. The acidic 
character of many of these substances is enhanced by the presence of 
sulphate groups. Most of the acidic mucopolysaccharides are found in 
the connective tissues of animals, and although complexed with protein 
or peptide residues, the pure polysaccharide can be isolated without 
undergoing appreciable degradation. 
The mucopolysaccharides fulfill diverse functions in the animal 
body. Dorfman in 1958, has suggested that the acidic mucopolysaccha¬ 
rides of connective tissues have a role in a number of physiological 
and pathological processes including calcification, control of 
8 
electrolytes and water in extracellular fluids, wound healing, 
lubrication, and the maintenance of the stable transport medium of 
the eye. 
Hyaluronic acid is believed to form the carbohydrate constituents 
of connective tissue, which support and bind together the organs of the 
body. The three principal components generally recognized in all 
connective tissues are (a) cells, (b) the extracellular fibers, and 
(c) the extracellular amorphous ground substance. The fibrillar and 
ground substance materials, which are present in great abundance, give 
connective tissue their main characteristics. Acidic mucopolysaccharides 
occur as one of several components of the amorphous ground substance 
which is interspersed between the fibers and the cells. All substances 
going to and from the cells must pass through the ground substance so 
that changes in its state and composition exert a profound influence on 
the life of individual cells and tissues. 
Hyaluronic acid is regarded as the most widely distributed and 
best studied among the nonsulphated acid mucopolysaccharides. Studies 
by Meyer (1958), have shown that shortly after isolation of hyaluronic 
acid, the polymer was composed of equimolar quantities of D-Glucosamine 
and D-Glucoronic acid, with a 3, 1-3 Glucoronidic and 3, 1-4 Gluco- 
saminidic bond. Bolaza (1958), has determined that the molecular weight 
of hyaluronic acid is within the range of 50,000 to 8 x 10^ depending 
on the source and on the methods of preparation and determination. 
Experiments have shown that the viscosities of physiological 
fluids are greatly reduced by the action of hyaluronidases and it has 
therefore been suggested (Ogston and Stainer, 1953) that hyaluronic 
9 
acid imparts to joint fluids their lubricating and shock absorption 
properties. Other suggestions as to the function of hyaluronic acid 
are that it contributes to the osmotic pressure of the synovial fluid 
(Ropes, et al, 1939), that it contributed to the lubricant properties 
of synovial fluid (Jones, 1936; MacConaill, 1932), and it gives the 
fluid its elasticity (Ogston, et al, 1950). Ogston and Stainer (1951, 
1952), have concluded that hyaluronic acid exists in synovial fluid in 
the form of a complex with protein and has high intrinsic viscosity 
of its solutions due to the large degree of hydration and the inter- 
tanglement of the particles. 
Although the importance of the mucopolysaccharides of the ground 
substance of the connective tissue has been stressed, little information 
is available regarding the metabolism of the substances. 
As a result of these reported studies, it is apparent that the 
ependymal cells of the chick embryo brain, and their surfaces, play an 
extremely important role in the diverse developmental and physiological 
changes undergone during morphogenesis of the brain of the chick embryo. 
CHAPTER III 
METHODS AND PROCEDURES 
Eggs of the White Leghorn Kimber strain were incubated in a 
forced draft incubator at 38 C + 1 C for 4 to 8 days. Twenty-four 
hours before embryos reached the experimental date, incorporation 
35 14 3 with S-Methionine, C-Glucosamine, and H-Glucosamine was determined 
by injecting 5 lambda of the precursor into the air sac; the punctured 
opening sealed with paraffin and the eggs reincubated. 
Embryos were obtained later in respective times (24 hr, 48 hr, 
72 hr, and 96 hr) and surgically removed from the yolk and extra- 
embryonic membranes and washed 3 times in room temperature physiologi¬ 
cal saline to remove extraneous cellular debris. The embryos were 
subsequently positioned on warm saline-saturated filter paper, and the 
mid-brain fluid was removed by puncturing the wall of the mid-brain 
with a microneedle apparatus and the fluid was collected by aspiration 
(Houston, 1976). 
The collected fluids were then transferred to an Eppendorf micro- 
fuge tube and centrifuged repeatedly in a Brinkman microfuge at 15,000 rpm 
for 5 min. The supernatant was aspirated off into another Eppendorf tube, 
separating the cellular pellet from the fluid. The entire brain of the 
remaining embryo was dissected from the embryo, completely homogenized 
with distilled water, transferred to an Eppendorf microfuge tube and 
microfuged repeatedly (2x) at 15,000 rpm for 5 min. The experimental 
samples now include the cerebrospinal fluid, brain cells and tissue. 
10 
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The following procedures were performed on the samples. 
35 Precipitation and Preparation of Incorporated S-Methionine: 
Five lambda of cerebrospinal fluid, homogenized brain cells and 
tissue were pipeted onto a glass fiber filter disc, and placed in cold 
10% Trichloroacetic Acid (TCA) for 10 minutes. After the 10 min, the 
10% TCA was poured off into a radioactive liquid waste bottle. Five 
percent TCA was added to the disc for 5 min, after which time it was 
poured into the radioactive liquid waste bottle. Fresh 5% TCA was added 
to completely cover the filter disc and boiled for 10 minutes. The 5% 
TCA boiling mixture was poured into the radioactive waste bottle. After¬ 
wards, the discs were completely saturated in a 50:50 mixture of 
ethanolrether solution and allowed to stand under the hood for 10-15 
minutes. The ethanol:ether solution was poured off and ethyl-ether was 
added and allowed to immerse the disc for 10-15 min. under the hood. 
The ether was poured off, the discs were blown dry, and placed into 10 
milliliters of PP0-P0P0P containing toluene scintillation fluid. The 
samples were analyzed by scintillation spectrophotometry. 
14 Hyaluronic Acid Assay - Incorporation of C-Glucosamine and 
3 
H-Glucosamine: 
Fifty lambda samples of cerebrospinal fluid and 25 X of cells and 
homogenized brain tissue were boiled for 5 min and the samples cooled. 
The sample was digested by adding Pronase (0.18 mg/ml in 0.2M Tris/HCl, 
pH 8.0 containing 0.08ml of 0.04M CaC^» 0.08ml of 95% ET0H) and 
incubated at 50 C for 8 hr. 
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The samples were TCA precipitated by adding 600 X of 10% TCA, 
allowed to stand on ice for 30 min, and at the end of the 30 min 
vortexed well. 
The solution was microfuged for 15 min, the supernatant aspirated 
off into a clean 1.5 ml Eppendorf tube, the pellet was resuspended in 
200 A of 10% cold TCA and solubilized for 3 min at 30 decibles in a 
Heat Systems Ultrasonicator and then vortexed well. The samples were 
centrifuged for 15 min, and the supernatant was aspirated off into a 
clean 1.5 ml Eppendorf tube and the pellet was discarded as 
radioactive waste. 
To the supernatant, 600 A of 1% cetylpyridinium chloride (CPC) in 
0.025M NaCl w/v, was added, dropwise. The samples were incubated for 1 
hr at 30 C, after which time a viscous aggregate had formed within the 
tube. After observation of products, the samples were centrifuged for 
15 min and the supernatant removed (this procedure was carried out two 
additional times for the same supernatant to assure maximum precipitation 
of the hyaluronic acid). The pellet from each supernatant was combined 
14 3 and dissolved in 200 A of methanol. C and H labeled hyaluronic acid 
was assayed according to the method of Hart (1979). After the pellet 
had completely dissolved, the entire 200 A of product was dissolved in 
10 ml of aquaflouor and counted in a LS 7000 Liquid Scintillation 
Counter. 
Empirical Rate Analysis of Hyaluronic Acid by Volumetric Determinations: 
Prior to CPC precipitation, the 1.5 ml Eppendorf tubes were 
calibrated in 10 A units. This was accomplished by adding 10 A of 
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deionized water to each tube and marking the level up to 10-12 x units. 
The tubes were emptied and air blown dry, at which time the supernatant 
was added and the CPC precipitation performed. 
Volumetric Determination of Cerebrospinal Fluid Quantity per Embryo: 
The embryo was obtained at the respective time (24 hr, 48 hr, 72 
hr, and 96 hr) and surgically removed from the yolk and washed as pre¬ 
viously described. The embryo was subsequently positioned on a convex 
watch glass and transferred to a dissecting microscope. The volume of 
cerebrospinal fluid per chick brain was determined by puncturing the wall 
of the mid-brain with the microneedle apparatus, on to which was attached 
a Beckman Microliter Pipette, which was precalibrated (105 yl, 10-20 yl, 
25 yl, 50 yl and 100 yl). The fluid was collected by aspiration. 
Cell Volume Determination in Cerebrospinal Fluid per Embryo: 
Ten microliters of cerebrospinal at the respective time was placed 
in the groove of a Bright-Line Hemocytometer and counted for cell popula¬ 
tion. 
Preparation for Sodium Dodecyl Sulfate Gel Electrophoresis (SDS-PAGE): 
Protein samples from the experimental cerebrospinal fluid and 
sonicated brain cells and tissues were acquired by precipitation in 
10% cold Trichloroacetic Acid (TCA) on ice for 30 min. The tubes were 
transferred to an Eppendorf microfuge and centrifuged at 15,000 rpm for 
1 min. The supernatants were removed and 40 X of 4% SDS was added to 
each pellet. The samples were vortexed well and boiled for 2 min. The 
samples were subsequently cooled, recentrifuged and the supernatants 
aspirated off into clean 1.5 ml Eppendorf tubes. 
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Twenty lambda of gel loading buffer (containing 0.2M DTT, 0.2% BPB, 
0.3M EDTA and 60% Sucrose) was added to approximately 40 x of the sample, 
boiled, cooled and loaded on a 10%-15% SDS-PAGE gradient gels. Notably, 
brain cells and homogenized brain tissue were sonicated at 30 decibels 
for 3 min and then carried through the above procedure. Summarily, 
fifty lambda of the samples, which included cerebrospinal fluid, brain 
cells and homogenized brain tissue at days 4 through 8, respectively, 
were loaded to a 10%-l5% SDS polyacrylamide gradient gel and electro- 
phoresed at 25 milliampères for 13 hrs. 
The gel was then removed from the chamber and submerged in Coomassie 
Blue stain for 3 hrs, while shaking in an AO shaker bath. After this 
time period the stain was aspirated off and the gel was resubmerged in 
two changes of destaining solution for 2 hrs each change. The destaining 
solution was aspirated off and a final rinse containing 3% glycerol in 
the destaining solution was added and further fixation allowed for 
1 hr. 
The gel was subsequently placed on Watman #3 filter paper, secured 
to a drying plate and vacuum dried for two days. Graphic images of the 
gel were made from Kodak Plus-X pan 135mm black and white film. 
CHAPTER IV 
RESULTS 
In this investigation, we began by comparing protein synthetic 
activity, via comparative protein profiles, in cerebrospinal fluid, 
brain cells, and homogenized brain tissue obtained from chick embryos 
of age 4 day to 8 day. Protein synthesis was was followed by measuring 
35 the incorporation of S-Methionine. Under the experimental conditions 
35 the amount of S-Methionine incorporated into the cerebrospinal fluid 
was highest (3089.0 cpm) at day 8 and shows a significant low (285.0 
cpm) during day 6. Overall incorporation (Table 1; Fig 1) showed that 
35 the rate of S-Methionine, in the cerebrospinal fluid, exhibited an 
initial low (661.0 cpm) on day 4 and reached a significant high (2,557.0 
cpm) on day 5 and declined considerably by day 6. Incorporation by day 
7 began to show a gradual increase reaching a marked high on day 8. 
35 
Incorporation studies, using S-Methionine, of cells obtained 
from the cerebrospinal fluid (Table 1; Fig 1), indicated that protein 
synthetic activity increased gradually from day 4 to day 5. However, 
there was a significant increase (748.0 cpm) observed on day 6 followed 
by a marked decrease (279.0 cpm) obtained on day 7. The decrease on 
day 7 was then followed by a very significant increase in incorporation 
(3035.0 cpm) at day 8. 
35 
Not surprisingly, incorporation of S-Methionine into brain 
tissue homogenates (Table 1; Fig 1) gave a similar pattern of incorpora¬ 
tion as the cerebrospinal fluid and cells, with day 6 and 7 appearing 
15 
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Table 1: 35 S-Methionine incorporation into a 50 lambda sample 







BRAIN TISSUE (cpm) 
4 661.0 (3)+ 27 138.0 (3)+ 12 250.0 (3)+ 16 
5 2557.0 (3)+ 59 168.0 (3)+ 14 1325.0 (3)+ 45 
6 285.0 (3)+ 18 748.0 (3)+ 28 787.0 (3)+ 29 
7 572.0 (3)+ 25 279.0 (3)+ 18 711.0 (3)+ 28 
8 3089.0 (3)+ 64 3035.0 (3)+ 63 2535.0 (3)+ 58 
35 
Five lambda of S-Methionine = 11,646.0 cpm 
Specific activity = 1,400 Ci/mmol 
( ) = Number of trials 
+ = Standard Deviation 
Fig. 1. A graph showing the incorporation rate of ^S-Methionine 
as an amino acid precursor during protein biosynthesis in 
cerebrospinal fluid, brain cells and homogenized brain 
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to be critical periods in which incorporation is either retarded or 
increased. 
Incorporation increased from a low (250.0 cpm) on day 4 to a 
high of 1325.0 cpm on day 5. After day 5 there was a significant 
decrease of 787.0 cpm on day 6, followed by a slight decrease (711.0 
cpm) in incorporation on day 7. This increase was followed by a 
35 significant increase in S-Methionine incorporation of 2535.0 cpm 
on day 8. 
Hyaluronic Acid Assay 
In this investigation we sought a method that would give the 
maximum yield of precipitated hyaluronic acid, using the precursors, 
14 3 C-Glucosamine and H-Glucosamine. Table 2 and Figure 2 show the 
14 incorporation of C-Glucosamine into hyaluronic acid precipitated from 
the cerebrospinal fluid, brain cells and brain tissue from day 4 through 
8 of development. 
14 Under the experimental conditions, C incorporation was highest 
(344.5 cpm) on day 7, with the lowest incorporation (214.0 cpm) on day 
6 in the cerebrospinal fluid. Overall incorporation increased from day 
4 to day 5. After day 7, incorporation decreased to 249.9 cpm on 
day 8. 
In the cells, the amount of incorporation increased from day 4 to 
day 5 with a slight drop (500.8 cpm) on day 6. This drop was then 
followed by a significant decrease (167.0 cpm) on day 7, which was 
followed by a marked increase (490.6 cpm) on day 8. 
19 
14 Table 2: C-Glucosam1ne incorporation into a 50 lambda sample of 
Cerebrospinal fluid; 25 lambda of brain cells and 25 lambda 







BRAIN TISSUE (cpm) 
4 252.0 (2)+ 17 400.0 (2)+ 21 567.1 (2)+ 25 
5 277.2 (2) + 18 585.9 (2)+ 25 348.7 (2)+ 19 
6 214.0 (2)+ 16 500.8 (2)+ 23 628.3 (2)+ 26 
7 344.5 (2)+ 19 167.0 (2)+ 14 660.4 (2)+ 27 
8 249.9 (2)+ 17 490.0 (2)+ 23 505.9 (2)+ 23 
14 Five lambda of C-Glucosamine = 653,604.2 cpm 
Specific Activity = 5.25mCi/mmol 
( ) = Number of trials 
+ = Standard Deviation 
Fig. 2. A graph showing hyaluronic acid activity, using 14C-Glucosamine 
as a precursor in cerebrospinal fluid, brain cells and 
homogenized brain tissue of the developing chick embryo 
from days 4 through 8. 
20 
• = Cerebrospinal Fluid 
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The tissue of the pooled samples showed an altogether different 
14 pattern of incorporation with C-Glucosamine. Incorporation decreased 
from day 4 (567.1 cpm) to 348.7 cpm on day 5, which was followed by a 
significant increase of 628.3 cpm on day 6. This increase on day 6 was 
followed by a slight increase (660.4 cpm) on day 7. Thereafter, a 
decrease of 505.9 cpm was recorded on day 8. 
o 
Studies using H-Glucosamine as a precursor (Table 3; Fig 3) gave 
somewhat similar findings with some deviations. Cerebrospinal fluid 
3 
incorporation of H-Glucosamine showed a high 688.4 cpm which dropped 
significantly on day 6 to 378.2 cpm, followed by a marked increase of 
717.3 cpm on the eighth day. 
3 
Incorporation of H-Glucosamine into the cells showed a marked 
increase from day 4 of 120.4 cpm to 351.8 cpm on day 6. This increase 
on day 6 was then followed by a noticeable decrease (269.5 cpm) on day 
7, which was followed by a significant increase of 427.8 cpm on the 
eighth day. 
Tissue samples showed a very similar pattern of incorporation, 
except at day 8, with respect to the cellular incorporation of 
3 
H-Gl ucosamine. Results showed that there was a significant increase 
(204.7 cpm) on day 4 to 636.2 cpm on the sixth day. This increase on 
day 6 was then followed by a marked decrease (148.2 cpm) on day 7, 
which gradually increased to 225.1 cpm on the eighth day. 
From the volumetric studies on cerebrospinal fluid production in 
the chick mid-brain and its free cell-population, within the fluid, we 
noted that the measured volume of cerebrospinal fluid on day 4 was 35 ul• 
22 
3 
Table 3: H-Glucosamine incorporation into a 50 lambda sample of 
Cerebrospinal fluid; 25 lambda of brain cells and 25 lambda 
of homogenized brain tissue obtained from 12 pooled samples. 
CEREBROSPINAL BRAIN HOMOGENIZED 
DAY FLUID (cpm) CELLS (cpm) BRAIN TISSUE (cpm) 
4 688.4 (2)+ 27 120.4 (2)+ 11 204.7 (2)+ 15 
5 660.0 (2) + 26 205.8 (2)+ 20 246.2 (2)+ 17 
6 378.2 (2)+ 20 351.8 (2)+ 20 636.2 (2)+ 26 
7 662.1 (2)+ 26 269.5 (2)+ 17 148.2 (2)+ 13 
8 717.3 (2)+ 39 427.8 (2)+ 22 225.1 (2)+ 16 
Five 
3 
lambda of H-Glucosamine = 28,701.0 cpm 
Specific Activity = 5.25mCi/mmol 
( ) = Number of trials 
+ = Standard Deviation 
. O 
Fig. 3. A graph showing hyaluronic acid activity, using H-Glucosamine 
as a precursor, in cerebrospinal fluid, brain cells and 
homogenized brain tissue of the developing chick embryo 
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An abrupt increase of 125 1 occurred on day 5, whhich was then followed 
by a significant decrease of 45 1 on day 6. This decrease continued 
through day 7 (17 yl ) and was followed by a slight decrease (14 yl ) on 
day 8 (Table 4; Fig 4). 
The cell population showed a gradual increase up to day 6 
(17x10^/1Oyl, 54.8x10^/1Oyl, 160x10^/1Oyl), respectively. After day 
6, a significant decrease was observed on day 7 in which the cell count 
was 43xl06/yl. 
The decrease observed on day 7 was followed by another slight 
decrease in cell count on day 8 of 38xl0^/yl (Table 5; Fig 5) 
During the process of counting cells, it was noted that the size 
of the cells varied on day 4, being predominant with small cells. 
However, on day 5 there was a noticeable consistency in cell size, which 
were larger than day 4. Another noticeable occurrence was the presence 
of spindle shaped cells on day 7, which decreased in number by day 8. 
The SDS-PAGE gradient gel profile (Fig 6) indicates that two major 
bands of proteins exist in the M.W. range of 67K and 61K in the cerebro¬ 
spinal fluid on all 5 days apparently increasing at day 6 through 8. 
These two appear to be the major bands of proteins being produced in the 
cerebrospinal fluid. Another protein band appears at the M.W. range of 
30K, which appears highly concentrated on all days. One additional 
band appeared in the M.W. range of 29K and 18K, apparently increasing 
through day 8. 
The brain cells obtained from the cerebrospinal fluid, showed 
proteins banding at the 67K and 61K M.W. ranges, identical to the 
cerebrospinal fluid but in lower concentration. This profile also 
25 
Table 4: Volumetric determination of cerebrospinal fluid per embryo 
obtained from the mid-brain region. 
DAY 
CEREBROSPINAL 






Fig. 4. A graph showing the change in cerebrospinal fluid volume 




Table 5: Volumetric determination of the cell population per embryo 
found within the cerebrospinal fluid when aspirated from 








17 x 105 
54.8 x 105 
160 x 105 
43 x 105 
38 x 105 8 
Fig. 5. A graph showing changes in cell population, within the 
cerebrospinal fluid per embryo on day 4 through 8 of 
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AGE (Days) 
Fig. 6. A SDS-PAGE gradient showing a profile of protein synthetic 
activity occurring in the cerebrospinal fluid, brain cells, 
and homogenized brain tissue from days 4 through 8. 
The numbers on the left designate marker molecular weights. 
4 
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consisted of four additional bands in the M.W. range of 67K and 43K, 
increasing through days 4 and 5, followed by a decrease on day 6. 
After day 6, the concentration of the band increased through day 8. 
The band on day 8 in the M.W. range of 43K was apparent only on that 
day. 
The homogenized brain tissue showed a combination of the protein 
pattern for CSF and cells. Except the band which appeared between the 
29K and 18K M.W. range in the CSF, which was absent in the homogenized 
brain tissue. 
The molecular weight marker consisted of the following proteins: 
Phosphorylase b (94,000), Albumin (67,000), Ovalbumin (43,000) and 
Carbonic Anhydrase (30,000). 
CHAPTER V 
DISCUSSION 
Until recently sugars found in association with most proteins 
were assumed to be an Impurity, and measures were taken to separate 
them from the proteins, or mucins, found in external secretions such 
as saliva. This covalently bound carbohydrate-protein complex has 
required improved methods of isolation, purification, and identifica¬ 
tion, by various means, to demonstrate that mixed polymers of sugar 
and amino acids are of wide distribution in nature and participate in 
many biological processes. In the past 10 years it has become apparent 
that the majority of proteins are in fact glycoproteins. 
The major problem at hand is that most studies on brain 
development have only followed changes in macromolecules within a 
limited period in the developmental process, usually beginning around 
the ninth day of development to maturation or thereafter. 
Previous studies, as indicated by Shrivastaw and Rao (1975), 
reveal that acid DNase shows its highest activity during the early 
stages of brain development, at a time when rapid cellular prolifera¬ 
tion was occurring, but with advancing age the activity reaches a 
very low adult level. This kind of pattern change was found both in 
human and rat brain. 
Later, studies by Shrivastaw and Rao (1975) revealed that in 
chick brain development, on day 10 through 20, protein levels showed a 
gradual increase throughout the period studied. RNA showed a steady 
31 
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increase up to the 20th day of embryonic life. Two-year-old brain was 
found to have a markedly higher level of DNA as compared to the 10th day 
postnatal value, which had shown a rapid increase in DNA in the embryonic 
brain until just prior to hatching. Their values per gram showed some 
fluctuation up to the time of hatching but thereafter declined gradually 
up to the age of 2 yrs. 
Yang, et al (1977) has shown that the most rapid accumulation of 
DNA, RNA, and protein always occurred during embryonic development 
followed by a slower accumulation from matching to 3 months with very 
little or no change in the brain macromolecule content thereafter. This 
study was determined from 9-day-old embryos to 1% year old adults, in 
three brain regions: cerebrum, cerebellum, and optic lobes. 
Margolis (1967) studied the changes in DNA content of various 
regions of the chick brain in 11-day-old embryos to chicks 6 weeks old 
and also observed that a rapid accumulation of DNA and RNA was followed 
by a transient plateau around hatching. In cells actively engaged in 
secretory function, such as cells from liver or pancreas, membrane- 
bound ribosomes are responsible for the synthesis of extracellular 
proteins while free ribosomes are the major site for the synthesis of 
intracellular proteins. The relative distribution of free or membrane- 
bound ribosomes from 18-day-old chick embryos and 1^ year-old adults, as 
reported by Yang et al (1977) indicate that there appeared to be no 
profound shift in the synthesis of particular classes of proteins in 
the chick brain from late embryonic development to maturity. 
From our study, it is apparent that during chick brain development 
(from day 4 to day 8 of embryonic development) the overall changes in 
33 
35 the rate of S-Methionine incorporation and SDS-PAGE protein profiles 
in brain tissue homogenates, brain cells and cerebrospinal fluid of the 
embryo is an indication of macromolecular changes taking place in the 
development of the chick brain. From these results several generaliza¬ 
tions can be made about changes 1n these three components of the chick 
35 brain. First, the change in rate of S-Methionine incorporation in 
cerebrospinal fluid during development resembled the changes in tissue 
homogenates, with a slight deviation on day 7 (Table 1; Fig 1) in the 
35 35 cellular S-Methionine incorporation rate, at which time S-Methionine 
incorporation rate in cerebrospinal fluid is on the rise at day 7, 
while the tissue homogenate is decreasing. The inferred changes noted 
daily in putative protein synthesis via SDS-PAGE gel profiles and in 
35 fact the rapid incorporation of S-Methionine by day 8, may very well 
support a rapid increase in cell size, that was noted when the volume 
of cells in the cerebrospinal fluid increased from day 4 through 6 
(Table 5; Fig 5) and thereafter decreased may also support the inferred 
changes noted daily. 
Through cerebrospinal fluid volume determinations, it was noted 
that the volume of fluid aspirated from the mid-brain changed daily, 
being highest on day 5 and lowest on day 6. Previous work has shown 
that the viscosity of the cerebrospinal fluid is highest on the 5th day 
of development and lowest also on the 6th day of development (Houston, 
1976). Osmotic pressure studies indicate highest osmotic activity also 
on the 6th day of development (Browne, 1970b). Andrews and Tata (1971), 
have suggested that in brain tissue the binding of ribosomes to intra- 
membranous material (endoplasmic reticulum) segregates different tissue 
34 
populations of ribosomes which are engaged in the synthesis of different 
35 classes of proteins. Since there were changes in rate of S-Methionine 
incorporation in the cerebrospinal fluid, we suggest by inference, that 
some of these labeled products are the results of cellular secretory 
processes, which may be a product of the ependymal lining and the 
cerebrospinal fluid cells. 
It is possible that during this developmental stage of the chick 
brain, neurons are being formed at a rapid rate as well as the prolifera¬ 
tion of glial cells. DNA, RNA, and protein synthesis are no doubt 
rising due to gene amplification. At what point the are genes amplified 
remains to be determined. The present data seems to suggest that day 6 
is a critical period in chick brain morphogenesis and development. 
Moreover, from the results of the SDS gel electrophoresis, it 
appears that the two bands of proteins existing at the M.W. range of the 
67K and 61K are secretory proteins, found only in the cerebrospinal 
fluid. These two bands appear in the M.W. range of hyaluronidase 
(Waindi, 1980). We suggest that these two bands appear in the cerebro¬ 
spinal fluid, possibly to aid in reducing the viscosity of the cerebro¬ 
spinal fluid so that it can pass freely through the ventricles. Since 
we have found that hyaluronic acid is a component of the embryonic chick 
brain, we postulate that these enzymes block cell-to-cell adhesion 
during differentiation. This putative degradation by hyaluronidase aids 
in enhancing freedom of cellular migration in the neural region and 
allows for a free flow of the cerebrospinal fluid. 
35 
Those proteins existing between the 61K and 30K range appear to be 
membrane-bound proteins, since they were only acquired from sonicated 
pellets of cells and brain homogenates. The cerebrospinal fluid, brain 
cells, and homogenized brain tissue show patterns of secretory proteins 
in all three experimental conditions differing only in concentration. 
Day 6 appears to be a critical period at which time protein synthesis 
appears to be increasing in all three parameters studied. 
A priori, we infer that the two bands appearing at the 67K and 61K 
range in the cerebrospinal fluid are not products of the sedimented 
"free floating" brain cells, but originate perhaps from intact ependymal 
cells conducting secretory activities (Weiss, 1934). This conclusion is 
based on their absence in the "free floating" brain cells and homogenized 
brain tissue. Day 8 appears to be a period in which different proteins 
are produced in the "free floating" brain cells, yet are retarded in 
synthesis on day 8 in the homogenized brain tissue, which resembles the 
pattern on day 4 through 7 of the "free floating" brain cells. 
35 After looking at the overall rate of S-Methionine incorporation 
and SDS-PAGE protein profiles in the cerebrospinal fluid, brain cells 
and brain tissue, along with the cell population, fluid volume and 
previous evidence of osmotic pressure and viscosity changes, we then 
decided to see if changes in hyaluronic acid, a known major component of 
the embryonic brain, occurred during embryonic chick development. 
Recent evidence has been presented which strongly suggests the 
binding of hyaluronic acid to the surface of SV-3T3 cells (Underhill 
and Dorfman, 1978). When small amounts of trypsin is added to culture, 
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it inhibited the binding of labeled hyaluronate to cells, which strongly 
suggest that the hyaluronic acid is bound to a protein, the hyaluronic 
acid forms a putative mucopolysaccharide-protein complex or a glyco¬ 
protein. Much of the evidence suggests that most of this binding is 
due to specific receptors on the cell surfaces (Underhill and Toole, 
1979). 
In general, glycoproteins are present in high concentration in 
extracellular fluids. Apparently these substances are synthesized within 
the cell in order to perform an extracellular function. Brunngraber 
(1969), has suggested that the secreted glycoprotein functions at 
locations remote from the site of synthesis. Thus, the secreted glyco¬ 
proteins appear to function at remote sites from its source of synthesis 
such as the cell surface, as previously mentioned, or in the inter¬ 
cellular space immediately adjacent to the parent cell, thereby placing 
a role on the relationship of the cell and its immediate environment 
(Sharon, 1974). 
Brain glycoproteins are thought to be synthesized in the nerve 
cell body, probably the golgi region, and then migrate to the cell 
surface. It is believed that during this migration, additional sugar 
residues may be added to the molecule. According to Brunngraber (1969), 
secretion appears to be limited to a process in which the glycoprogein 
becomes deposited upon the outer portion of the cell surface. There it 
forms a cell coat or the superficial protein layer of the plasma membrane. 
Through this investigation, we have convincingly shown that 
hyaluronic acid is a component of the chick brain, and that there are 
changes in concentration associated with brain development. 
37 
According to Singh et al (1969) hyaluronic acid is the major 
mucopolysaccharide 1n the chicken brain. Since glucosamine and gluco- 
ronic acid are the only components of hyaluronic acid (Meyer, 1958), we 
14 3 sought to use the labeled precursors, C-Glucosamine and H-Glucosamine, 
to study the synthesis of hyaluronic acid from day 4 through 8 of 
development. 
Our results indicate that in the cerebrospinal fluid, hyaluronic 
acid synthesis increases from day 4 up to day 5 of development and 
slightly decreases by day 6, which is followed by a significant decrease 
on day 7 (Table 2; Fig 2). Alternatively, the brain cells showed a 
slight increase on day 5, which was followed by a significant decrease 
through day 7, and this pattern was again followed by a marked increase 
on day 8. The brain tissue showed a pattern somewhat similar to changes 
in hyaluronic acid synthesis observed on the cerebrospinal fluid, except 
that on day 5 and 6, which showed a decrease and increase, respectively, 
as compared to the cerebrospinal fluid. 
Although glucosamine is a useful precursor for the study of the 
biosynthesis of glycoproteins, it does have several limitations when 
used in vivo. It may be metabolized by a number of pathways to other 
saccharides, including galactosamine, galactose, glucose or sialic acid, 
which may then be incorporated into gangliosides or other glycolipids. 
Thus, care must be taken particularly in brain tissue to distinguish the 
synthesis of glycoproteins from the synthesis of glucolipids. In this 
investigation lipids were noted only in the first supernatant of the 
original protein pellet. 
Careful examination of products showed that the hyaluronic acid 
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was tightly complexed to the protein after the initial acid-precipitation 
failed to cleave the protein from the sugar moiety. Only after TCA 
precipitation for a second time and sonicating the protein pellet, were 
we able to completely free the carbohydrate portion of the complex. 
An important characteristic of the binding of hyaluronic acid to the 
surface of SV-3T3 cells (Underhill and Toole, 1979) is the influence 
of the molecular weight of the polysaccharide. It appears that there is 
a cooperative effect caused by the binding of hyaluronic acid to more 
than one receptor at a time because of its repetitive structure. It may 
be possible, that when one molecule of hyaluronic acid binds to one 
receptor, this enhances the probability that the same molecule will bind 
to a second receptor. Thus, the larger the hyaluronic acid molecule, 
the more sites it can attach to and the more tightly it is bound. 
An alternative explanation may be that there is some structural 
feature of the high molecular weight hyaluronic acid which causes it to 
be bound to the cell surface more strongly than low molecular weight 
hyaluronic acid. It is clear that further research is needed to 
resolve this issue. 
After freeing the carbohydrate portion of the complex, the hyaluronic 
acid was released from the supernatant by CPC precipitation. The 
hyaluronic acid appeared as a viscous aggregate within the tube, after 
removal from the 37C water bath. H-Glucosamine studies (Table 3; Fig 3) 
yielded somewhat similar findings. 
Rate analysis of the amount of hyaluronic acid synthesized in the 
50 x cerebrospinal fluid, 25 x brain cells and 25 x homogenized brain 
tissue (Table 6) empirically show that the amount of hyaluronic acid 
39 
Table 6: Rate analysis of the amount of hyaluronic acid synthesized in 
the cerebrospinal fluid, brain cells and homogenized tissue, 









4 42 40 40 
5 50 41 40 
6 85 no 50 
7 65 70 55 
8 40 100 60 
3H- -Glucosamine 
4 40 40 40 
5 40 40 50 
6 35 41 55 
7 42 40 95 
8 42 100 50 
All measurements empirically determined in lambda units. 
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produced in the embryonic brain cells and tissue may very well double 
that found in the cerebrospinal fluid, if 50 X of cells and tissue had 
been used. It is important to note that due to the small volume of 
25 x cerebrospinal fluid, 50 x was considered for experimental purposes. 
The relative amounts of synthesized hyaluronic acid were based upon 
volume determinations in calibrated Eppendorf tubes. A more analytical 
method could be employed using cellulose-acetate electrophoresis to 
quantitate the amount of hyaluronic acid synthesized daily. 
From this investigation we have carefully determined that hyaluronic 
acid is a component of the chick brain and that its synthesis changes on 
day 4 through 8 of development. Moreover, we infer that protein synthesis 
also occurs concomittantly with embryonic chick brain development. It also 
appears that day 6 and 7 are critical periods in which protein synthesis 
and hyaluronic acid synthesis are either retarded or accelerated. The 
only supporting evidence (Polansky, et al, 1974) as to hyaluronic acid 
synthesis is the embryonic chick brain, beginning on day 7, at which time 
it is known to increase up to hatching time followed thereafter bv a raDid 
decrease which soon levels off. This decrease appears to result from an 
increase in hyaluronidase activity at this time period. 
According to Polansky et al (1974), the developmental sequence in 
the parallel presence of both hyaluronic acid and hyaluronidase activity, 
can be separated into a morphogenetic phase during which cells accumulate 
by proliferation and migration to a suitable location and a phase of 
overt differentiation. The former phase is characterized by hyaluronic 
acid production, the latter by hyaluronidase activity. As indicated by 
Polansky et al (1974), the developing brain of the chick consists of a 
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series of migrations and differentiation which continue throughout 
embryonic life. They conclude that the presence of high concentrations 
of hyaluronic acid and hyaluronidase activity correspond to an over¬ 
lapping series of neuronal migrations and differentiations which give 
rise to the complex layers of brain cells. 
I feel that I have convincingly confirmed the results of 
Brunngraber (1970), that glucosamine is incorporated into hexosamine 
residues of brain glycoproteins. Moreover, it is inferred that the 
changes in hyaluronic acid synthesis may be affected by: (1) changes 
associated with protein synthesis such as cell size, type, and number, 
(2) or numerous waves of neuronal migration and differentiation during 
embryonic brain development as suggested by Polansky et al, 1974; and 
Underhill and Toole, 1979. 
Since hyaluronidase activity has been confirmed in the 7 day-old 
embryonic chick brain, it is suggested that changes noted on day 6 and 7 
in labeled glucosamine incorporation may be due to a rapid turnover of 
this enzyme, at this developmental period. 
Finally, it is suggested that the tight binding of hyaluronic acid 
to the protein may be due to a cooperative effect caused by the binding 
of hyaluronic acid to more than one receptor at a time because of its 
repetitive structure. Thus, I postulate that this form of hyaluronic 
acid, found in the developing chick brain, may be of a high molecular 
weight. 
CHAPTER VI 
SUMMARY AND CONCLUSION 
Research efforts designed to gain an understanding of the 
chemistry, biology and function of glycoproteins have been markedly 
accelerated in recent years. In this investigation changes in protein 
biosynthetic activity and its association with hyaluronic acid changes 
in chick brain development from 4 day-old embryos to 8 day-old embryos 
were studied in three parts: cerebrospinal fluid, brain cells, and 
homogenized brain tissue. 
35 With the use of S-Methionine, the most rapid accumulation occurred 
at days 5 and 8 in the cerebrospinal fluid and tissue. The brain cells 
within the fluid exhibited a modern increase on day 6 with a rapid 
accumulation again on the 8th day. By using SDS-PAGE gradient gels, we 
have found that the pattern of protein synthesis is somewhat identical in 
regards to low molecular weight molecules, but differ in the types of 
high molecular weight molecules found in the cerebrospinal fluid and 
homogenized brain tissue. The gel profile also indicates that the 
cerebrospinal fluid consists of secretory proteins and the homogenized 
brain cell pellets and tissue consists of cytoplasmic and membrane bound 
proteins, suggesting the presence of putative secretory proteins and that 
the major band of proteins synthesized occur at the M.W. range of 43K and 
30K, which also appears to be a secretory protein in character. 
35 
From our observations on overall S-Methionine incorporation and 
SDS-PAGE gradient electrophoresis, it is apparent that during chick 
42 
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brain development the changes associated with translational activity 
may be due to a rapid increase in cell size, type and cell number 
occurring in the brain during this developmental period, and an overall 
synthesis in all types of proteins. 
14 To adequately assess the activity of hyaluronic acid, C- 
3 
Glucosamine and H-Glucosamine were used. The hyaluronic acid, I 
believe, was indeed complexed to the protein in all three components 
studied. It appears that day 6 and 7 are critical periods in which 
35 S-Methionine incorporation, protein synthesis and hyaluronic acid 
synthesis are either retarded or accelerated. 
It is suggested that the changes noted in hyaluronic acid synthesis 
may be affected by changes in protein synthesis, which may be due to 
changes in cell type, size, number, and/or numerous waves of neuronal 
migration and differentiation during embryonic brain development, which 
indeed affects cell-to-cell adhesion. The macromolecules of biological 
tissues and fluids in health and disease continue to attract wide 
interest. I believe that knowledge of the structure, of their mode of 
biosynthesis and of the way in which they change and breakdown, will 
lead to a proper understanding of pathological conditions which exist 
in the brain, especially their relationship to causes of hydrocephaly 
and multiple sclerosis, which are still critical sources of unknown 
information. 
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